INTRODUCTION
Prescribing errors are common worldwide, and preventable [1] . For example, a study carried out in different US hospitals reported that prescribing errors occur in 0.4 -1.9 % of all medication orders, and cause harm in about 1 % of all patients [2] . In the United Kingdom, a recent study identified prescribing errors in 8.8 % of medication orders [3] . In Saudi Arabia, to date few studies have been conducted to determine the incidence of prescribing errors [4] . One study identified 113 (7.1 %) prescribing errors in 1,580 medication orders in a teaching hospital [5] , and another reviewed medical charts of 977 patients and found that 72.7 % of medication errors occurred in the ordering stage of medication use [6] . A study in a paediatric tertiary care hospital found an error rate of 56 per 100 medication orders with most prevalent error (22.1 % of errors) involving the dose [7] . In 2006 a two year retrospective review of 10,000 patients' files was conducted in a general hospital and prescribing errors identified in 26.3 % of patients' files [8] .
To prevent prescribing errors; the underlying causes need to be evaluated. The majority of studies investigating the causes of prescribing errors have been conducted in the US and UK [9] , with the causes including illegible handwriting, ambiguous orders, inadequate dosage calculation, improper transcription, inadequate training, and inappropriate abbreviations [9] . There have been few studies of the causes of prescribing errors in the developing countries and it is not known whether the causes are similar, or different, to those elsewhere. Reasons for possible differences include differences in the healthcare system, culture, and working environment.
METHODS

Study design
Focus group discussion with physicians from different clinical areas were conducted; discussions were analysed using a qualitative approach.
Setting
Participants were recruited from three tertiary hospitals in Riyadh, Saudi Arabia: two academic and one government military hospital. At the time of the study the hospitals did not have computerized physician order entry (CPOE) systems in routine use. All hospitals had clinical pharmacy services, but these were based mostly in critical care areas.
Participant recruitment
Physicians with experience in writing prescriptions were recruited from different specialties and with different levels of clinical experience, via personal e-mails and phone calls. A reminder of the invitation was sent after two weeks to all participants and those who did not respond within another week were considered non-respondents. Participants who agreed to participate were contacted to set an appropriate time and place for the focus group discussions.
Theoretical framework
Human error theories have been used to analyse errors in the nuclear power and aviation environments. For a few decades, they have increasingly been applied to clinical practice settings [10] . One of the most commonly used to investigate the cause of prescribing errors is Reason's accident causation model [11] . This model includes four stages: latent conditions, error and violation producing conditions, active failures and defences. Latent failures describe the organizational process and management decisions that generate an environment where error and violation producing conditions and active failures occur. Active failures are the slips, lapses, mistakes and violations made by those at the frontline of the system. Defenses involve protection against hazards and reduce the consequences of failure and may be successful or unsuccessful.
Focus groups
A focus group guide (Appendix 1) was developed by the authors after conducting a literature review of studies with similar objectives [12, 13] . The guide explored participants' personal experiences with prescribing errors and their perceptions around what might have caused them, as well as preventive measures that can be taken to avoid those errors in the future. Two focus group discussions were held. The first lasted for one hour and forty minutes, and the second for one hour and twenty minutes. Both were managed by a moderator and audio taped. The discussion was held in English as the official language used among healthcare staff in Saudi Arabia.
Ethical approval
Ethical approval was obtained from the Institutional Review Board Committee at King Saud University (project no. 13-1022). In addition, a consent form was signed by every participant before the interviews. The study followed the International Ethical Guidelines for Health-Related Research involving humans [14] .
Data analysis
The discussions were transcribed verbatim by the researcher, and then subject to thematic content analysis by two independent researchers, with a deductive approach [15, 16] . Data were categorised into themes based on the accident causation model [11] , focusing on the latent failures, error producing conditions, and defences. The resulting themes were then discussed among the two researchers to agree on the final analysis.
RESULTS
A total of 44 physicians were invited through emails or phone calls, of whom 24 responded. After fixing dates of the focus group discussions, 11 of the 24 could not attend the discussion. Ultimately, 13 physicians attended the focus groups (seven in the first group and six in the second group). The majority of the participants were male, predominantly working in teaching hospitals (Table 1) .
Error-producing conditions:
We identified examples of six major groups of error producing conditions (the individual prescriber, the work environment, the team, the task, the patient, and the technology).
Individual prescriber
The individual prescriber was the major error producing condition recognised by participants. The most important factor was perceived to be the prescriber's skills and knowledge, including physician handwriting, dose calculation skills, physician knowledge, and experience. Perception of risk was another factor believed to affect the prescriber, some prescribers reported over-confidence in prescribing certain medications; this may also include prescribing the same medication repeatedly, which can lead to prescribing error. Furthermore, the physical health of a prescriber, including tiredness, stress and lack of recovery time, was perceived to affect the physician's performance: 
Work environment
Physicians reported that high workload and time pressure can affect their concentration and subsequently lead to prescribing errors. Furthermore, they raised the situation in which the physician examines more than one patient at the same time, usually including one or more family members, and consequently they might mix the prescriptions, for example: Inappropriate communication between pharmacists and physicians, especially when prescribing rarely used medications or alternative medications, were reported to negatively affect teamwork. In addition, language barriers that result due to the multinational composition of health care providers were another factor. For example, participants reported that sometimes nurses misinterpreted physicians' verbal medication orders due to language barriers due to different English accents that could be misleading. Lack of supervision of junior physicians by more doctors was also mentioned. It was reported that in many cases the seniors depend on juniors for writing prescriptions and let them do the dose calculation without supervision; they then sign the prescription without checking if the correct medication regimen has been prescribed.
The task
Repeat prescriptions were reported to be one of the situations in which prescribing errors occur. It was felt that some junior doctors do not know how to follow the repeat prescription guidelines (e.g. no repeats for short-term antibiotics) and instead, they copy what is written in the pharmacy computer system, so the patient continues taking medication without a clinical indication. Another high-risk task was prescribing medication that needs therapeutic drug monitoring, such as anticonvulsants being prescribed on a repeat prescription without checking that a drug level had been measured.
"An example of certain guidelines that
The patient
Patients themselves were considered to be one of the error producing conditions. The participants identified many factors that affect the patients and contribute to prescribing errors such as the patient's education, complexity of the patient's case and the patient's habits regarding medication use which can make it challenging to ascertain a drug history:
"Patients like to shop for medication from private and public governmental hospitals, sometimes they collect a lot of medicines, including different brands of the same medication." (FG2.P1) Furthermore, the issue of patients' honesty regarding their medications or medical history was raised by the participants.
"Patients sometimes do not tell the true history, sometimes a specific information related to medicines is important to help in prescribing decision. If this information is missing, the error will happen." (FG2.P4)
Technology
Although not part of Reason's original accident causation model, technology was a common theme raised in the focus groups and we therefore report this as a separate theme. Most of the participants reported that they still rely on hand-written prescriptions because in their institutions they do not have CPOE. On the other hand, respondents who had worked in organisations that have CPOE also reported problems with inappropriately overriding computer alerts. This may lead to medication errors, especially if the pharmacist did not communicate with the physician if he or she suspected something was wrong. Another reported error producing condition was expecting too much from the computer system, such as expecting alerts for dose adjustments based on creatinine clearance.
"We don't have computerized system that alerts the physician in case if the patient has a problem that you need to check before prescribing certain medications, for example high urea creatinine which require dose reduction." (FG2.P2)
Latent conditions
The major latent conditions reported were related to the clinical pharmacist, followed by training and the management as described below.
Clinical pharmacists
All participants agreed on the important role of the clinical pharmacist in reducing the risk of prescribing errors. However, they also complained about the lack of clinical pharmacists. They mentioned that in most hospitals there are not enough clinical pharmacists to have one assigned for each department, for example there is no nephrology clinical pharmacist, cardiology clinical pharmacist and so on.
Training
An important issue was the lack of training in writing an ideal prescription:
"When I was an intern nobody instructed me or gave me a lecture about what drugs I can prescribe as an intern. The instructions came mainly from the nurses they ask me to give this medication in that dose, not from my senior, resident or consultant." (FG1.P2)
Management
The authority of prescribing is another issue when recently qualified health care providers are allowed to write prescriptions, such as new graduates with no experience of prescribing, interns and even sometimes nurses. Some of the participants blamed the policy and procedures of prescribing and suggested more restrictive regulations on how to write prescriptions and which abbreviations they must avoid. They highlighted the importance of having a physician's registration number which describes health care provider type, classification and specialization on the prescription then the pharmacist can check whether or not a physician is allowed to prescribe a specific medication.
Defences
Our findings identified both successful defences and those that were inadequate or unsuccessful because of latent conditions.
Successful defences
Four measures were reported as potentially successful defences. The first was CPOE. One of the participants who had a role in the quality department shared his experience when they compared the prescribing errors before and after using CPOE in a discrete project, and they found a reduction in some types of medication errors, such as miss-spelling of hand written medication name or dose.
"We have experience with electronic prescription which was a subject of a quality assessment project in our hospital which only applied to paediatric inpatients department. They compared the medication error before and after implementation of electronic prescription. They found a reduction in medication errors such as miss spelling of hand written medication name or dose, but there were no reduction in other medication errors." (FG2.P5) Another successful defence cited was the clinical pharmacist, where available, as they have an important role in deciding the medication regimen to be prescribed.
"Clinical pharmacist is important in helping us in our practice. I am not aware about the small details of the medication, he is helping to prevent mistakes." (FG1.P1) "Role of clinical pharmacist is very important, I
feel relaxed when I write a prescription knowing that he will look at it after me then he might modify it or ask me to do some changes." (FG1.P3) Drug information centres and quality departments were also reported to play a successful role in reducing prescribing errors by providing accurate information regarding medication.
Unsuccessful defences
One of the most important defences to prevent prescribing errors was felt to be the pharmacist but this is also an imperfect defence, due to similar reasons mentioned by the participants: high workload and lack of knowledge. In some instances, it was reported that pharmacists could not read the physician's illegible handwriting and found it difficult to communicate with the physician to clarify what is written: Many other unsuccessful defences were raised by the participants, including proper resources and internet facilities which were sometimes unavailable on the ward, ineffective error reporting systems and lack of accountability, and finally no national filing system for medical records. In this latter case the patient may followup with different institutions for the same disease and be prescribed the same medication with different brand names resulting in duplication of therapy.
DISCUSSION
In this study, six groups of error producing conditions have been explored. The main latent conditions leading to prescribing errors were the lack of clinical pharmacists, insufficient training on how to write appropriate prescriptions and the lack of a CPOE system in most hospitals. The clinical pharmacist's role and the presence of a CPOE system in addition to the role of drug information centres and quality departments are considered as potentially successful defences against prescribing errors. On the other hand, many unsuccessful defences were also identified, e.g. deficiency of proper resources, absence of effective error reporting systems, and finally poor double-checking systems.
The results of several previous studies aiming to explore the causes of prescribing errors were based on Reason's model of accident causation and generally had similar results [12, [17] [18] [19] [20] [21] [22] [23] . The PROTECT study, which focused on prescribing outcomes for trainee doctors in England, stated that "None of the doctors interviewed had reported their errors through the hospital reporting system" which corresponded with what we found regarding ineffective error reporting programs as an unsuccessful defence against prescribing errors [22] . Nigerian junior doctors also complained of lack of training in prescribing skills and the absence of reference books and guidelines to avoid prescribing errors [17] .
A focus group design was used, which allowed the researchers to generate new thinking through group dynamics and result in much more indepth discussion. It also allowed each expression and attitude of the participants to be perceived and observed. The participants were from different specialities and included a mixture of junior and senior doctors, to obtain different opinions and stimulate the discussion. During the analysis we followed Reason's accident causation model.
Recommendations to reduce errors include activating the role of continuous medical education for both prescribers and pharmacists, which could decrease errors resulting from lack of knowledge. Addressing the need for qualified clinical pharmacists could also contribute to overcoming prescribing errors. Counter-signing by another physician and double-checking by a pharmacist, especially for high alert medication, might decrease the chance of human errors. The problem with a physician's hand-writing may be overcome by having an efficient CPOE system, which at the same time facilitates the prescribing process although it may also give rise to new types of error [24] .
Having a national electronic medical record system may limit the medication duplication problem and play a part in establishing a clear picture of a patient's medical and medication history, in order to prevent any error or duplication in the therapeutic plan. Furthermore, it is important to reconsider the repeat prescription policy and procedure or at least make sure that it is applied properly. Finally, in order to prevent medication errors due to verbal orders, policies that insure confirmation of verbal orders should be implemented.
Limitations of the study:
Possible limitations are that one cannot rule out the chance of a participant's opinion being influenced by others during the discussion. We could not identify active failures because data were based on the physicians' experiences and not on specific errors that they had made. We identified the perceived causes of prescribing errors in Saudi Arabian hospitals and certain measures can be taken to prevent these errors in order to establish safer prescribing practices. However, there are challenges in making significant changes with regard to some issues, such as the nature of society and the complexity of patient cases, work load and the language barrier that result from a multinational health care team.
CONCLUSION
Prescribing errors are serious problems that threaten patient safety. The causes of these errors in Saudi Arabia are multifactorial including both health care provider and patient behaviours. Research is now needed to develop and evaluate interventions to reduce these errors in the Saudi Arabian context.
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